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I. INTRODUCTION 

This program was s e t  up to inves t iga t e  chemisorption phenomena , 

with the u l t imate  a i m  of developing devices f o r  the inves t iga t ion  of ten-  

uous planetary atmospheres. Since the program, as o r i g i n a l l y  proposed, 

involved severa l  semi-independent s tud ies ,  t h i s  repor t  w i l l  be divided 

i n t o  severa l  p a r t s  i n  order t o  discuss the  work done i n  each of these  

areas. 

11. THE CHEMISORPTION DETECTOR FOR OXYGEN 

This device was f i r s t  suggested about th ree  years  ago when 

Langmuir's work, on the e f f e c t  of oxygen on tungsten,  came t o  the . au tho r ' s  

a t t e n t i o n .  Langmuir showed t h a t  chemisorption of oxygen r a i sed  the  work 

funct ion of tungsten and t h a t  this e f f e c t  w a s  highly s p e c i f i c  f o r  the  gas 

and s o l i d  involved. This e f f e c t  had been used f o r  leak de tec t ion  by Lang- 

muir and o thers  (',*)but no attempt w a s  made t o  develop t h e  d iv i ce  as a 

quan t i t a t ive  de tec tor .  

With the kind a s s i s t ance  of D r .  G. P. Kuiper of t h e  Lunar and 

Planetary Laboratory, a program was s t a r t e d  t o  develop such a de tec tor  

and inves t iga t e  i t s  behavior with mixtures of gases. 

s e t t l e d  upon was a tungsten filament cathode and a n i cke l  anode, a drawing 

of t he  de t ec to r  and a c i r c u i t  schematic a r e  shown i n  Fig.  1. For operat ion 

the  fi lament is flashed to  2300 K to remove adsorbed gases and then allowed 

t o  cool t o  1500 K. The f a l l - o f f  of the  e lec t ron  emission cur ren t  is  then 

a s e n s i t i v e  funct ion of the  ambient oxygen pressure s ince  a t  1500°K the  

oxygen can be chemisorbed by the  tungsten and thereby raise the  fi lament 

work function. 

The system f i n a l l y  

0 

0 

Typical curves fo r  a s e r i e s  of oxygen pressures  are shown 
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i n  Fig.  2. 

i s  shown by the  hor izonta l  ba r s .  The u l t imate  pressure of operat ion is  s e t  

by the t i m e  ava i lab le  f o r  the experiment, but i s  expected i n  general ,  t o  be 

about 10 - 10 t o r r .  The device has proved to  be q u i t e  reproducible 

and s t a b l e  over long periods of  time. 

Each curve is the mean of f i v e  runs and the  spread i_n the  da t a  

-11 -12 

Or ig ina l ly  some question w a s  r a i sed  about the  behavior of t h e  

system i n  mixtures of gases.  

expected t h a t  the  e f f e c t s  of other gases would be s m a l l ,  but  as a check, 

experiments were run i n  oxygednitrogen and oxygen/carbon dioxide ambients. 

I n  each case the  e f f ec t s  w e r e  as expected; t he  system w a s  qu i t e  i n s e n s i t i v e  

t o  ni t rogen a t  ni t rogen oxygen r a t io s  as high as  ten t o  one. This work w a s  

used f o r  a M.S. t hes i s  i n  Aerospace Engineering by M r .  Donald Coll ins  and a 

paper discussing the work w i l l  be published i n  the Review of S c i e n t i f i c  

Instruments f o r  January 1964. 

From the known da ta  of  chemisorption i t  w a s  

The work on C02 i s  continuing but our f i r s t  r e s u l t s  i nd ica t e  t h a t  

t he re  is  no s i g n i f i c a n t  e f f e c t  of C02 a t  CO /O r a t i o s  as high as t en  t o  one. 2 2  

Normally hot filament systems a r e  monitored by a r ad ia t ion  pyro- 

meter which requi res  ca re fu l  adjustment and an o p t i c a l  window i n  the  vacuum 

system. 

the  hot  f i lament we have been able  t o  obta in  a c a l i b r a t i o n  curve f o r  f i l a -  

ment temperature vs .  thermocouple output. Once t h i s  curve is ava i l ab le  

fi lament temperatures can be  checked without using the o p t i c a l  pyrometer. 

This technique has proved t o  be qui te  serrs i t ive and reproducible.  

ment t o  thermocouple c a l i b r a t i o n  curve can be obtained i n  a s i m p l e  vacuum 

system without opening the U-H-V system more o f t en  than necessary. This 

method of fi lament cont ro l  should be  q u i t e  valuable  f o r  operat ion of t he  

de t ec to r  i n  a f i e l d  experiment where i t  may be very inconvenient t o  use a 

By i n s t a l l a t i o n  of a platinum-platinum rhodium thermocouple near  

The f i l a -  
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r ad ia t ion  pyrometer. 

111. THE THORIATED TUNGSTEN FILAMENT FOR OXYGEN DETECTION 

Langmuir's ear ly  work indicated tha t  a s m a l l  amount of thorium 

(1%) i n  tungsten subs t an t i a l ly  reduced the  tungsten work function. He  a l s o  

noted t h a t  t h i s  thorium e f f e c t  was e a s i l y  destroyed by ambient oxygen. After  

discussions with D r .  Kuiper, we decided t o  inves t iga t e  t h i s  e f f e c t  f o r  use 

as an u l t r a  s e n s i t i v e  oxygen detector  usefu l  t o  pressures  below t o r r .  

The T i r s t  s e r i e s  of experiments have been qu i t e  favorable and ind ica t e  a t  

l e a s t  a three-order of magnitude gain i n  s e n s i t i v i t y  over t h e  bare tungsten 

de tec tor .  This s e n s i t i v i t y  i s  gained a t  the expense of an increase  i n  opera- 

t i o n a l  complexity. For each run the thorium must be brought to  the sur face  

of the  fi lament by ca re fu l  heating. The fi lament i s  then f lashed and allowed 

t o  cool t o  1500 K, then the oxygen is  admit ted.  The oxygen f i r s t  combines 

with the  thorium and thorium oxide is desorbed from the fi lament.  The oxygen 

i s  then chemisorbed on the bare  tungsten and the  fi lament behaves as a 

standard chemisorption de tec tor .  

t ho r i a t ed  tungsten t o  tungsten with chemisorbed oxygen i s  about 10 

t h a t  f o r  tungsten-oxygen alone. This leads to  the  increased s e n s i t i v i t y  

mentioned earlier. It must be emphasized t h a t  t h i s  type of device i s  a 

"one shot" a f f a i r .  

must be  reac t iva ted  to  br ing new thorium to  the  sur face .  Further  work is 

being done t o  determine the  b e s t  operating condi t ions.  

t i v i t y  should be w e l l  i n  the - 10 t o r r  region. 

0 

The t o t a l  change i n  emission cur ren t  from 

3 times 

After  a s ing le  high s e n s i t i v i t y  exposure, the  de tec tor  

The u l t imate  sens i -  

-16 

IV. CHEMISORPTION DETECTOR FOR HYDROGEN 

The p o s s i b i l i t y  e x i s t s  of using a chemisorption type of de tec tor  

f o r  hydrogen. This would mean developing a new f i lament ,  probably palladium. 
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This work i s  j u s t  ge t t i ng  under way now because of t he  need f o r  developing 

s a f e t y  precautions when using hydrogen. It seems t h a t  palladium w i l l  work 

s a t i s f a c t o r i l y  but  i t s  s e n s i t i v i t y  t o  oxygen must be explored. Ultimately 

i t  might be poss ib le  t o  have a s ing le  anode wi th  two f i laments ,  one f o r  O2 

and the  o ther  fo r  H,; t h i s  would permit t he  experimenter t o  measure two of 
L 

the  most important components of  a planetary 

V. THE MOLECULAR SYSTEM 

One of the  most important u l t imate  

would be f o r  measurement of slow protons and 

atmosphere. 

uses of chemisorption de tec to r s  

t he  neu t r a l  H /H r a t i o  i n  space. 
2 

This seems poss ib le  because of the expected d i f fe rence  i n  chemisorption be- 

tween H2 and H. 

d i f f i c u l t  because of t he  d issoc ia t ion  and exci ted s ta tes  produced by the  

ion iz ing  e l ec t ron  beam. 

of s m a l l  s i z e ,  s imp l i c i ty  and freedom from the  d is turb ing  e f f e c t s  of  ioniz-  

i ng  e l ec t ron  beams. For invest igat ion of t h i s  problem i t  w a s  proposed t h a t  

an ultra-high-vacuum molecular beam system be constructed with a furnace 

f o r  production of H atoms. 

ha l f  of t he  components are on hand a t  the  present  t i m e .  The system w i l l  

be a l l  s t a i n l e s s  s t e l l  with copper seals, as shown i n  Fig. 3 .  The u l t imate  

opera t iona l  pressure is expected to be below 10 t o r r .  

Measurement of the H /H r a t i o  wi th  mass-spectrometers i s  2 

The chemisorption de tec tor  would have t h e  advantage 

This work is  now w e l l  under way and about one- 

-9 

To t e s t  some of the  proposed U-H-V components and techniques a 

1 /4  scale system w a s  b u i l t  during the  p a s t  s i x  months. 

pumped by an 8 l /sec VacIon pump and e a s i l y  reaches the 10 

This model system has proved qu i t e  valuable  f o r  component t e s t i n g  and f o r  

preliminary research programs. 

T h i s  system i s  

-9 t o r r  range. 

The l a rge  U-H-V system w i l l  be assembled i n  a new laboratory space 

generated by a NSF F a c i l i t i e s  Grant. This space w i l l  be ready by June 1 and 
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assembly w i l l  s tart  a t  t h a t  t i m e .  Components w i l l  be leak checked and 

cleaned f o r  assembly as they are f inished.  

V I .  MOLECULAR BEAM DETECTORS 

A s  a preparat ion f o r  our work with H and H molecular beams we 2 

have been considering c e r t a i n  problems i n  beam de tec t ion  and ana lys i s .  

beams of neu t r a l  species  l i k e  H the only f e a s i b l e  de tec tor  a t  present  is  

the system which f i r s t  ionizes  a small f r a c t i o n  of the  beam by e l ec t ron  

For 

2 

bombardment and then de tec t s  

problems of such systems a r e  

by Ramsey (3) . 
We have designed a 

de tec t  a beam of any species  

these ions by electrometer techniques. The 

well-known and a review has been given recent ly  

new type of de t ec to r  which can i n  p r inc ipa l  

and is  not l imi ted  t o  spkcies of low ioniza-  

t i o n  po ten t i a l .  The device uses the technique f i r s t  suggested by Miller (4,5) 

f o r  h i s  f i e l d  ion microscope. The system operates  by means of a f i n e  

tungsten point  o r  t i p  and an adjacent n icke l  r ing.  

dr iven a t  about 25,000 v o l t s  DC posi t ive with respec t  to  the  r ing .  Atoms 

o r  molecules passing near the t i p  have an induced dipole  moment because 

of the s t rong f i e l d  grad ien t ,  and a re  then drawn t o  the t i p .  A t  the  t i p  

t he  molecules y i e l d  an e lec t ron  to the  Fermi l e v e l  of the  t i p  and these 

p o s i t i v e  ions a r e  then drawn to  the ring. The ion current  is  thendetected 

via an electrometer system. 

The poin t  o r  t i p  i s  

F u l l  detai ls  of the  system w i l l  be reported when experiments have 

been performed to  e s t a b l i s h  the  best configurat ion.  The e f f e c t i v e  c ross  

sec t iona l  area fo r  de tec t ion  of an argon beam (a typ ica l  case) would be 

about 10 
-4 2 2 

cm . I f  the  beam i n t ens i ty  is(5)lO" par t ic les /cm sec, which i s  

a typ ica l  value f o r  a molecular beam system, the  detected cur ren t  would be 
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about ( 5 ) d 5  amps. This is  well  within the  limits of conventional e lec-  

t r o n i c  techniques. 

Experiments are being planned to  determine the ac tua l  values of 

the  s igna l  to  noise  r a t i o  i n  a typical  system. The importance of t h i s  

de t ec to r  l i e s  i n  the f a c t  t h a t  i t  w i l l  d e t ec t  gases such as argon, helium, 

and hydrogen which a r e  beyond the  range of conventional sur face  ion iza t ion  

de tec to r s .  It can a l so  be used f o r  beams of metals such as copper. Copper 

i s  seldom used f o r  molecular beam work because i t  cannot be detected by a 

standard sur face  ion iza t ion  detector and the  deposited copper sho r t - c i r cu i t s  

mass spectrometers. The f i e l d  ion de tec to r  avoids both these  problems q u i t e  

e a s i l y  . 
The parameters of the system are being discussed with the  molecular 

beam research group i n  the Physics Department. A shor t  note  descr ibing the 

device is being prepared f o r  t he  Review of S c i e n t i f i c  Instruments.  

VII. FUTURE PLANS 

I n  the preceding sections we have indicated the  d i r ec t ion  of work 

f o r  t h e  second ha l f  of the contract  year. F i r s t  we wish to  f i n i s h  the  runs 

on the  oxygen de tec tor  with CO /O mixtures. The experimental procedure 2 2  

f o r  t e s t i n g  the thoriated-tungsten oxygen de tec tor  i s  somewhat clumsy a t  

present  s ince  the  thorium must be "sweated" to  the sur face  each t i m e .  It may 

a c t u a l l y  be simpler t o  coat the  thor ium on the tungsten from an ex terna l  

source,  but t h i s  w i l l  r equi re  fur ther  inves t iga t ion  which w i l l  s t a r t  when 

the  0 2 / C 0 2  work i s  done. 

The palladium de tec to r  f o r  hydrogen w i l l  go i n t o  the  vacuum system 

sometime i n  January and i f  the  r e su l t s  are favorable t h e  design f o r  t he  

atomic hydrogen oven w i l l  be put  i n  the shop. 
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The l a rge  U-H-V system i s  i n  t h e  f a b r i c a t i o n  s t a g e  and assembly 

w i l l  not begin u n t i l  a f t e r  June 1964 when space is  ava i l ab le .  

have been held with o the r  on-campus groups regarding s t u d i e s  i n  t h e  l a rge  

U-H-V system. A study of simulated lunar s o i l s  w i l l  probably be done i n  

cooperation with the  Lunar and Planetary Laboratory but t h i s  w i l l  not be 

allowed t o  i n t e r f e r e  with the  hydrogen de tec to r  program. The development 

work on the  molecular beam detector i s  j u s t  beginning and w e  are s t i l l  i n  

the  process of r e f in ing  the  analysis.  It  does appear t h a t  the  system w i l l  

work as planned bu t  more study w i l l  be  needed to  ob ta in  the most e f f i c i e n t  

geometry. 

i s  ava i l ab le .  

Discussions 

Experimental work w i l l  be  done l a t e r  i n  1964 when a m i c r o m e t e r  

It is expected that. &I1 the ob jec t ives  of t h e  program w i l l  be m e t  

wi th in  the  ava i l ab le  t i m e  and funds exlcepf f o r  t h e  assembly of t he  l a rge  

U-H-V system. 

space i s  ava i lab le .  

This U-H-V system w i l l  be delayed u n t i l  t h e  new laboratory 
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